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PLANAR DIRECT DRIVE WITH A POSITION MEASURING SYSTEM 

The present invention concerns a planar direct drive (also known as a planar motor), 
which includes a position measuring system for controlling the travel of the rotor. Direct drives 
of this type have a passive unit with a planar running surface, in which magnetic flux regions are 
integrated. This passive unit constitutes the stator of the motor. In addition, there is at least one 
active unit (rotor) with coil systems for generating a variable magnetic flux. The active unit can 
move on the running surface of the passive unit. Furthermore, the direct drive has a bearing unit, 
which allows frictionless two-dimensional relative motion of the active and passive units. 

DE 195 13 325 Al describes, for example, a Hall sensor position measuring device for 
use in linear and planar motors. To this end, several Hall sensors are integrated in the active 
unit, which detects variations in magnetic field strength arising from the relative motion of the 
active and passive units. The tooth pitch on the running surface of the passive unit constitutes 
the measurement standard, which is scanned by the sensors. However, this also limits the 
positioning accuracy of the planar motor, which depends directly on the tooth pitch and its 
accuracy. Positioning accuracies in the range of 20-40 ^m can be realized by the use of these 
well-known position measuring methods. Another problem is that the positioning accuracy also 
depends on environmental conditions, especially the temperature of the passive unit. The 
running surface of the passive unit consists to a great extent of metallic materials (especially soft 
iron material), which have a relatively high temperature coefficient. Due to ambient temperature 
variations and also due to self-heating produced by the operation of the motor, the running 



surface can experience considerable expansion, so that the measurement standard itself 
experiences linear expansion that is significant with respect to the desired positioning accuracy. 
If direct drives of this type are to be used for positioning tasks with high accuracy requirements, 
errors of this type can no longer be tolerated. Ongoing miniaturization in many technical fields 
requires rather an increase in positioning accuracy, which cannot be achieved with previously 
known integrated position measuring systems. 

Higher measuring accuracies can be realized, for example, if extemal measuring systems 
are used, for example, with the use of laser interferometers or glass scales. In this case, however, 
either large and heavy position measuring standards must be carried by the active xmit, or 
coupling to extemal measurement standards is necessary. This type of arrangement is 
problematic, especially with planar motors, since the active units are meant to be moved two- 
dimensionally as desired on a larger running surface. The use of optical measuring methods is 
also possible only to a limited extent, since the path of working beams would fi-equently be 
disturbed by other elements (for example, other active units moving on the running surface, 
cables, and the like). 

In this connection, DE 202 10 305 Ul describes a positioning table of a high-speed linear 
motor, which uses a position measuring system that consists of a reading head mounted on the 
primary part and a strain gage mounted on the rotor. A problem here is that the bearing gap must 
be enlarged to prevent damage to the strain gage during movement. However, this drastically 
reduces the maximum motive force. Furthermore, the reading head is mounted in a stationary 
way on a certain place of the primary part, so that an exact position determination is possible 
only in the area of the adhesively moimted strain gage. The position measuring system is not 
available beyond the travel range detected by the strain gage. 
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Therefore, the objective of the present invention is to make available an improved planar 
direct drive, which includes a position measuring system that has greater positioning accuracy 
than previously known integrated position measuring systems, and at the same time avoids the 
disadvantages of external position measuring systems, hi particular, the invention seeks to make 
it possible to position the active unit of the direct drive with a high degree of accuracy with 
respect to predetermined fixed points. In addition, the invention specifies designs of the active 
unit that allow simple and exact positioning of a moving component. Finally, an attendant 
objective is to make available simple mounting means for a quasi-stationary component which, 
in interaction with the active unit, allows not only high positioning accuracy but also substantial 
standardization of different tool supports and workpiece holders. 

These and other objectives are achieved by the present invention, in which the 
positioning system comprises a moving component and a quasi-stationary component, one of 
which is formed by a measurement standard, while the other is formed by a measuring sensor. 
The quasi-stationary component is arranged at a predetermined fixed point outside of the bearing 
gap and essentially parallel to but vertically separated from the running surface. Since the quasi- 
stationary component, which, for example, can be the measurement standard, does not have to be 
integrated in the running surface or the bearing gap, it has no unfavorable effects on the motive 
force that is produced by the magnetic flux. In addition, the quasi-stationary component is better 
protected from damage than if it were mounted, for example, on the running surface. 

The invention is further characterized by the fact that the moving component is arranged 
on the active unit in such a way that, when it reaches the quasi-stationary component, it comes 
into measuring contact with it. When optical or magnetic measuring components are used, 
mechanical measuring contact is not necessary. For the position measuring system to function, it 



3 



f 

is sufficient if the two components are positioned close enough together. As long as this 
functional measuring contact exists, the active unit is controlled or regulated by evaluation of the 
position signal supplied by the measuring sensor. Well-known automatic control systems can be 
used for this. This allows very exact positioning of the active unit within a predetermined 
measuring area. For this purpose, as a component of the active unit, this measuring area, which 
is defined by the measurement standard that acts as a component of the position measuring 
system, is placed in or moved into the regions in which the positioning must be accomplished 
with a high degree of accuracy. Outside of these regions, the active unit can be positioned with a 
lower degree of accuracy, and a global measuring system is preferably reverted to, or the direct 
drive operates conventionally in step operation. 

In accordance with a first embodiment of the invention, the quasi-stationary component 
of the position measuring system is mounted on an adapted fi-ame member, which is connected 
with the passive unit, so that a permanently fixed position of the quasi-stationary component is 
realized. It is possible to arrange several fi-ame members with quasi-stationary components at 
specific fixed points on the running surface of the passive unit. These fi-ame members can be, 
for example, tool modules for carrying out various work tasks. The active unit can be moved as 
desired between these fixed points or tool modules, and the highly accurate position measuring 
system can be reverted to in the vicinity of each of these fixed measuring points. 

In a second embodiment, the quasi-stationary component is integrated in a fixed module, 
whose position in the plane of the passive unit is fixed by at least one mechanical securing 
device mounted on the passive unit, and one or more holding magnets are integrated in the fixed 
module and hold the fixed module on the running surface of the passive unit. The mechanical 
securing devices are preferably realized as positioning pins, so that the fixed module can be 



4 



placed at the intended place on the running surface of the passive unit without special tools and 
can be arranged there, already in the plane of the running surface, with great accuracy by the 
positioning pins. To prevent the fixed module from slipping during operation and to be able to 
absorb applicable forces, the holding magnet produces a stable connection with the passive unit. 

In a further modified embodiment, the quasi-stationary component is not rigidly 
connected with the passive unit but rather is fastened to a second active unit, which can move 
relative to the passive unit and relative to the first active unit. For certain tasks, it is sufficient if 
the relative position of several moving active units can be determined with a high degree of 
accuracy. The absolute position of the active units on the running surface of the passive unit 
does not matter or does not need to be determined with the same degree of accuracy. In these 
cases as well, it is sufficient if tlie position measuring system supplies corresponding position 
signals as long as the active imits must be moved in the inmiediate vicinity of each other to 
execute predetermined tasks. In this connection, it should be noted that the repeat accuracy of 
direct drives, even when conventional global position measuring systems are used or in step 
operation, is significantly higher than a positioning accuracy of only about 30-40 ^im. Therefore, 
on the running surface, fixed points can be defined, towards which the second active unit (which 
carries the quasi-stationary component) can move with high accuracy, namely a repeat accuracy 
of about 2-3 jim. With respect to this fixed point, the high positioning accuracy of the integrated 
position measuring system described above can be used within the aforementioned measuring 
surface. 

It is especially advantageous if the moving component of the position measuring system 
is arranged in an externally accessible area with vertical displacement fi-om the coil systems of 
the active unit. For this purpose, the active unit has a multilayer construction, so that the moving 
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component and the access to it do not interfere with an optimum configuration of the actual drive 
elements. This multilayer construction can be additionally expanded by mounting a workpiece 
holder with vertical displacement from the moving component, which workpiece holder is 
adapted to the given task of the direct drive and to the workpiece/tool to be moved. This 
configuration also has the advantage that the measurement standard or the measuring sensor is 
mounted in the immediate vicinity of the workpiece/tool that is to be positioned, which allows 
significant reduction of measuring errors due to wobbling. The position measurement is made in 
the immediate vicinity of the workpiece whose position is of primary interest. Higher-order 
measuring errors thus have very little effect on the measurement resuU. 

The uncoupling of the active xmit from the position measuring system and the 
simultaneous connection of the moving component with the workpiece holder also allow 
modular solutions, in which an active unit can convey different workpiece holders, each of which 
carries its own, adapted moving component of the position measuring system. 

It is advantageous to use a cross-grating plate as the measurement standard, while 
especially optical or magnetic sensors are suitable as measuring sensors. Grating foils can also 
be used as the measurement standard. 

The active unit preferably has a holding frame, which is arranged parallel to its running 
surface and in which the support plate is replaceably positioned. The moving component of the 
position measuring system is arranged in a plane that lies bet\yeen the coil system of the active 
unit and the support plate. The moving component is preferably located on the underside of the 
support plate. This design of the active unit makes it possible to keep the parallel misalignment 
of the measurement standard and the running surface very small, e.g., less than 50 jim. This 
increases the accuracy of the position measuring system. 
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In a further refined embodiment of the invention, the support plate is mounted in the 
holding frame by special alignment devices for the purpose of ensuring a high repeat accuracy 
even when the support plate is changed. These alignment devices are formed, for example, by 
permanent magnets in the holding frame and iron pins opposite the permanent magnet in the 
support plate. The resulting magnetic forces of the alignment devices uniquely determine the 
position of the support plate in the holding frame if the alignment devices are arranged, for 
example, according to the three-point principle. However, the alignment devices can also consist 
of thrust balls and communicating recesses or other suitable systems. 

It should be pointed out that the use in accordance with the invention of the above- 
explained position measuring system in planar direct drives allows ^eater accuracy than, for 
example, with the use of Hall sensor measuring systems or with automatic control of the direct 
drives in microstep operation. Compared to position determination by camera-supported image 
analysis, which is used in some cases, the measuring system used here also has considerable 
advantages, since significantly less data must be processed, so that the direct drive can be 
automatically controlled more quickly. 

Another important aspect of the invention is that the passive unit itself or the running 
surface formed on it is no longer integrated in the measuring sequence. This also eliminates the 
adjustment operations that would otherwise be necessary. 

Finally, the coupling between the direct drive and the position measuring system 
presented here allows significant cost reduction, since the position measuring system can be built 
with commercially available components, and the measurement standard can be designed 
significantly smaller than the total available running surface. 

In addition, a conventional global measuring system can be used for the movement of the 
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active units between the individual fixed points, since the accuracy requirements for these 
movements are not especially stringent. Step operation of the drive between the fixed points is 
likewise possible, and the higher repeat accuracy levels compared to an absolute accuracy can be 
utilized during the movement along a specified path. 

Further advantages, details, and refinements are described below with reference to the 
preferred embodiments illustrated in the drawings. 

- Figure 1 shows a simplified side view of a planar direct drive of the invention, which 
comprises a passive unit and two active units. 

~ Figure 2 shows a basic representation of a production unit with several work modules 
with the use of the direct drive of the invention in a top view. 

- Figure 3 shows a simplified general side view of a modified embodiment of the planar 
direct drive with position measuring system. 

- Figure 4 shows a partially cutaway detail side view of a fixed module arranged on the 
passive imit of the direct drive shown in Figure 3, wherein the position measuring system is 
shown in measuring contact. 

- Figure 5 shows a base plate of the fixed module shown in Figure 4 in a view firom 

below. 

- Figure 6 shows a side view of the active unit of the direct drive shown in Figure 3. 
~ Figure 7 shows a top view of a holding fi:ame of the active unit shown in Figure 6. 

- Figure 8 shows a side view of a support plate of the active unit shown in Figure 6. 
The planar direct drive shown in Figure 1 comprises a passive unit 1, the upper side of 

which has a running surface 2. A tooth pitch, for example, which runs crosswise and consists of 
magnetizable teeth and nonmagnetizable tooth spaces, is formed on the running surface 2. Those 
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skilled in the art are already familiar with the general design of direct drives of this type, so there 
is no need to provide a detailed description of how this planar motor works. 

The direct drive also has a first active unit 3, which can be moved in at least two 
directions of motion on the running surface 2 when power is supplied by suitable means. To 
allow movement despite the force of magnetic attraction between the active unit 3 and the 
passive unit 1, a bearing unit is necessary, by which a bearing gap 4 is maintained during the 
operation of the direct drive. Air bearings (not shown) are suitable and preferred for this 
purpose. They produce an air gap between the ruiming surface 2 and the active unit 3. 

With respect to the vibration and acceleration behavior, it is advantageous to arrange the 
relatively heavy coil systems, including the iron cores and possibly permanent magnets (not 
shown) in the lower region (plane I) of the active unit, i.e., as close as possible to the running 
surface 2, in the plane of which the motive forces are produced.. In a middle region (plane II) of 
the active unit 3 that lies above the lower region, accessory elements 5 can be provided, for 
example, the necessary electronic circuits and connection elements for the power supply. In a 
third plane (plane III) of the active unit, a measuring component space 6 is provided. The 
measuring component space 6 of the first active unit 3 contains a moving component 7 of a 
position measuring system. In the illustrated example, the moving component 7 is a cross 
grating, which serves as the measurement standard. If the position measuring system is intended 
to monitor position changes in only one direction, the cross grating can be replaced, for example, 
by a glass scale. Although the moving component 7 is fixed relative to the first active unit 3, it 
moves with the active unit relative to the passive component. 

To allow the position measuring system to generate an analyzable position signal, a 
second component is necessary, which is referred to here as the quasi-stationary component 8. 
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In the embodiment shown in Figure 1, the quasi-stationary component 8 is a measuring sensor, 
which is regarded as stationary relative to the moving component 7. If the moving component 7 
enters the detection region of the measuring sensor 8, a position signal can be generated by the 
measuring sensor as a function of the motion of the first active unit 3. The local measuring 
region, in which the position measuring system can be used to determine position, is defined by a 
measuring surface 9, which, in the example illustrated here, is essentially the same as the surface 
of the cross grating 7. More precisely, the measuring surface 9 is defined by the region in which 
the two components 7, 8 of the position measuring system are in functional measuring contact 
and thus supply an analyzable position signal. 

It will be obvious to an expert that the measuring accuracy of the position measuring 
system described here with the use of a highly accurate measurement standard and a suitable 
measuring sensor is significantly greater than could be achieved, for example, by scanning the 
teeth of the running surface 2, which act as the measurement standard. 

In modified embodiments, an "overhead arrangement'' can also be selected. 

In the embodiment shown in Figure 1, the quasi-stationary component 8 is attached to a 
second active unit 10, which in turn can be moved on the passive unit 1 . The construction of the 
second active unit 10 is comparable, for example, to that of the first active unit 3. 

In this application, the position measuring system is thus used to determine the relative 
position between the first active unit 3 and the second active unit 10. To occupy an exact 
position, the second active unit 10 can be moved, for example, to an established fixed point, 
which was exactly determined during a preceding calibration of the direct drive. As was 
explained earlier, the repeat accuracy during a return to the fixed point is quite high. The first 
active unit 3 is then moved to the vicinity of the second active unit 10 until the two components 
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7, 8 of the position measuring system come into measuring contact. The further position control 
of the moving active unit is then effected by evaluation of the position signal supplied by the 
position measuring system, so that the first active unit 3 can be positioned with a high degree of 
accuracy relative to the second active unit 10 or the underlying fixed point. In this regard, it is 
possible, of course, to provide several fixed points on the passive unit, so that ultimately several 
measuring surfaces 9 are defined in the region of the running surface. 

The active units 3, 10 illustrated in Figure 1 have yet a fourth fimctional plane (plane IV), 
which can be arranged above the given components of the position measuring system and in each 
case comprises a workpiece holder 1 1 . The workpiece holder 1 1 supports a suitable workpiece 
or a required tool, depending on the particular appUcation. The workpiece holder 1 1 can be 
detachably connected with the actual active unit, so that it can be replaced for different tasks. In 
this regard, it is advantageous if the respective components 7, 8 of the position measuring system 
are connected with the workpiece holder 1 1 and are replaced with it. In this way, each 
workpiece holder can be assigned a desired measurement standard, which is adapted to the given 
accuracy requirements. The measured position is thus coupled to the workpiece holder and not 
to the active unit. Therefore, after the workpiece holder has been changed, recalibration of the 
measuring system is unnecessary. 

Figure 2 shows a top view of a production unit in simpHfied form with several work 
modules 20, wherein a modified embodiment of the direct drive of the invention is used. Several 
quasi-stationary components 8 are rigidly connected with the passive unit 1 by means of a fi-ame 
member or the work modules 20. It is apparent that several work modules 20 can be positioned 
on the passive unit. In the example illustrated here, three work modules 20 and a moving active 
unit 3 are used. The position of the work modules 20 is predetermined, for example, by 
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mounting pins 21. The fixed points for the quasi-stationary components 8 are thus also 
determined. In many cases, the absolute position of the given quasi-stationary component 8 with 
respect to the passive unit 1 does not matter or does not need to be determined with a high degree 
of accuracy, since the purpose of the positioning tasks is to make an exact determination of the 
position of the quasi-stationary component 8, which could mark, for example, the position of a 
gripping device, relative to the moving component 7, which represents the current position of the 
moving active unit 3. 

The moving active imit 3 can move towards the specific work module 20 that is desired 
during a production process. The moving component 7 is always moved together with the 
moving active unit 3, so that positioning with a high degree of accuracy can be accompUshed at 
each work module. Li modified embodiments, several moving active units could also be 
arranged on the running surface 2 of the passive unit 1 . 

Figure 3 shows a modified embodiment of the planar direct drive in a general side view. 
The passive unit 1 rests here on a firame 30, and suitable level controllers 31 are used to allow the 
running surface of the passive unit 1 to be set exactly horizontally. In the specific embodiment 
shown here, the direct drive has only a single active unit 3, which can move on the running 
surface 2 of the passive unit 1. In modified embodiments, it is also possible for several active 
units to be present, as described above. 

Finally, at least one and usually several work modules 20, which are referred to here as 
fixed modules, are arranged on the edge of the passive unit 1. The moving unit 3 is supplied 
with power by flexible cormecting lines 32, which can run, for example, fi"om a power supply 
bridge 33, which bridges the passive unit . 

Figure 4 shows a partially cutaway detail side view of the fixed module 20 and the active 
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unit 3. The fixed module 20 has a base plate 22, which is mounted by mounting pins 21 on a 
stop bar 23, which is rigidly mounted on the frame. The connection between the base plate, 
mounting pins, and stop bar is realized with high accuracy of fit, which, on the one hand, allows 
easy changing of the fixed modules and, on the other hand, presets the position of the fixed 
module in the plane of the running surface 2 of the passive unit 1 with very high accuracy. The 
base plate 22 can have standardized dimensions and can be fitted with various superstructural 
parts, so that fixed modules of many different types can be provided that are compatible with 
respect to their dimensions. Several fixed modules can be mounted on a stop bar and can be 
replaced by other fixed modules for different processing tasks. 

To mount the fixed module 20 without a special tool on the passive unit, at least one 
holding magnet 24 is located in the base plate 22. The holding magnet 24 pulls the whole fixed 
module towards the nmning surface 2 of the passive unit 1, so that a stable position is assumed, 
which is maintained even while processing operations are being carried out. 

A connection box 25 is provided at the edge of the passive unit 1 in the immediate 
vicinity of the stop bar 23 or as an integral part of the stop bar. The purpose of the connection 
box 25 is to supply the individual fixed modules with operating voltage, electronic control 
signals, hydrauUcs, pneumatics or similar media. Easily detachable plug connections are 
preferably provided between the fixed modules and the connection box 25, which allow fast 
service connection and maintain flexibility during replacement of the fixed modules. 

In addition, a sensor arm 26 is mounted on the fixed module 20. A measuring sensor 27 
is mounted on the end of the sensor arm 26 that extends beyond the fixed module. The 
measuring sensor 27 is the quasi-stationary component in the position measuring system. When 
the active unit 3 is moved close enough to the fixed module 20, the measuring sensor 27 comes 
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into measuring contact with a measurement standard 34, which is mounted on the active unit 3 
and functions as the moving component of the measuring system. 

Figure 5 shows the base plate 22 of the above-described fixed module 20 in a view from 
below. In the embodiment illustrated here, three recesses 28 are formed in the underside of the 
base plate, in which, depending on requirements, up to three electromagnets that serve as holding 
magnets 24 can be inserted. When it becomes necessary to change the fixed module 20, the 
electromagnets are disconnected from the power supply, so that the fixed module can be easily 
removed from the passive unit. In addition, two holes 29 are formed in the rear region of the 
base plate 22, and mounting pins 21 are inserted in the holes during operation. 

Figure 6 shows a side view of the drive unit 3, which is explained in greater detail with 
reference to Figure 4. The coil systems (not shown), which are needed for generating the motive 
forces, are located in a headstock 35. An active running surface 36, which interacts in a well- 
known way with the running surface 2 of the passive unit 1 to realize the direct drive, is located 
on the underside of the headstock 35. A spacer block 37, which supports a holding fi-ame 38, is 
mounted on one side of the headstock 35. The holding frame 38 is preferably made of a 
nonmagnetizable material and extends parallel to the active running surface 36. 

To be able to achieve a high degree of measuring accuracy later, after the holding frame 
38 has been mounted on the active unit, it is subjected to another fine machining, so that the 
upper side of the holding fi-ame 38 runs as exactly parallel to the active running surface 36 as 
possible. Since the active running surface 36 and the running surface 2 of the passive unit 1 are 
almost exactly parallel during the operation of the direct drive (especially when an air bearing is 
used), the holding frame 38 is also very exactly aligned with the passive unit. Due to the 
arrangement of the fixed module 20 on the passive unit, the fixed module is also very exactly 
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aligned with the passive unit, so that during measuring contact between the measuring sensor 27 
and the measurement standard 34 (see Figure 4), the sensor and the measurement standard are 
almost exactly parallel, which causes the error resulting from parallel misalignment to become 
very small. 

Figure 7 shows a top view of the holding frame 38. The holding frame has a support 
section 39, which rests on the spacer block 37 during assembly and is bolted to the spacer block. 
Furthermore, a central frame recess 40 is provided, into which a support plate 41 (see Figure 8) 
can be inserted. To be able to align the support plate 41 in the frame recess 40 quickly and 
without the necessity of a fine adjustment, permanent magnets 42 are installed in three positions 
in the holding frame 38 in the embodiment illustrated here. The permanent magnets 42 interact 
with magnetizable aligning pins 43 mounted on the support plate 41. 

Figure 8 shows a side view of the support plate 41 . The support plate preferably consists 
of a nonmagnetizable material and, in addition, is adapted to the specific application. The 
dimensions of the support plate are preferably standardized; for example, a workpiece holder in 
accordance with DIN 3256 1-T4 is used as the support plate. This makes it possible to have 
different manufacturers manufacture workpiece holders or tool supports, since only the 
dimensions of the support plate must be standardized to be able to use them for a planar direct 
drive of the invention. This allows a great variety of possible superstructural parts to be mounted 
on the upper side of the support plate 41 . 

Obviously, the dimensions of the holding frame 38 are designed in such a way that the 
holding frame 38 can hold the support plate 38 in an optimum way. As Figure 8 shows, the 
aligning pins 43, which produce a frictional connection with the holding frame, are mounted in 
the support plate. The measurement standard 34, which, together with the measuring sensor, 
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constitutes the position measuring system, is preferably mounted on the underside of the support 
plate 41. A cross-grating glass scale adhesively bonded to the underside of the support plate is 
an example of a suitable measurement standard. 

It should be noted that several active units can be simultaneously moved on the passive 
vuiit. Likewise, several fixed modules can be arranged in the edge regions or in other regions of 
the passive unit specially intended for this purpose. It v^ill also be immediately apparent to one 
skilled in the art that in further modifications of the invention, the measurement standard can also 
constitute the quasi-stationary component, while the measuring sensor is coimected as the 
moving component with the active unit. 

Other modifications and refinements of the present invention are possible. 
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passive unit 


2 


running surface 


3 


first active unit 
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bearing gap 
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accessory elements 
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measuring component space 


7 


moving component 
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quasi-stationary component 
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measuring surface 


10 


second active unit 
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workpiece holder 


20 


work module/fixed module 


21 


mounting pins 
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base plate 


23 


stop bar 


24 


holding magnets 


25 


connection box 


26 


sen^ior arm 


27 


measuring sensor 


28 
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29 


hole 


30 


frame 
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31 level controller 

32 flexible connecting lines 
3 3 power supply bridge 

34 measurement standard 

35 headstock 

36 active running surface 

37 spacer block 

38 holding frame 

39 support section 

40 frame recess 

41 support plate 

42 permanent magnets 

43 aligning pins 
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